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The  lynthiiii  of  1.3,3-trinitroaxetidine  was  carried  out  by  means 
of  the  reaotion  of  l-t-butyi-3-methanesuIfonatoaxetidine  with  sodium 
nitrite  to  Qive  l-t-butyl-3-nitroaxetidine.  Oxidative  nitration  gave  1- 
t-butyl-3,3-dinitroesetidlne,  and  nitrolysis  with  acetyl  nitrate  gave 
1,3,3-trinltroesetldlne.  Other  routes  were  explored.  1-Benxhydryl- 
3,1-dlnitroasetidine  was  obtained  by  nitrite  displacement  of  1-benxhy- 
dryl-3-methanesulfonatoaxetidine,  followed  by  oxidative  nitration,  but 
attempts  to  replace  the  benshydryl  group  by  nitrolysis,  hydrogenation  or 
•  br— initlon  were  unsuccessful  Nitration  of  i-t-butyl-3-hydroxyaxeti- 
,  dine,  3-methanesulfonatoaxotldine,  3-carboxyaxettdine  and  3-hydroxy- 
;■  asotldine  pave,  respectively,  l-t-butyl-3-nitratoaxetidine,  l-nitro-3- 
.  methanesulfonatoaxetldlne,  3-carboxy-l-nitroaxetidine  and  l-nitro-3- 
nitrateasetidine. 

Bromination  of  2,4-dioximinoadamantane  under  mildly  acidic  condi- 
tlens  pave  2,4-dibr©no-2,4-dinitroadanantane.  Reactions  of  2-oximino- 
adamantane,  2,4-dioximinoadamantane  and  2,i-dioximinobicycloC3. 3. 11- 
nonane  with  neutralised  hypoehlorous  aoid  resulted  in  replacement  of  the 
oxime  proups  with  gem-diohloro  groups.  Oximes  on  cyclohexane  rings, 
even  with  substituents  to  prevent  rlsipNnversions,  gave  the  normal 
conversion  to  pem-ohloronitroso  groups.  The  sodium  salt  of  2-nitro- 
adamantane  reacted  with  tetranitromethane  to  give  2,2-dinitroadamantane, 
although  the  salt  of  nitrooyolohexane  nave  only  the  coupling  product, 

1.1  -dinitrobioyolohexyl.  In  the  presence  of  nitrite  ion,  the  latter 
reaotion  pave  1,1-dinitrocyclohexane. 
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I.  Calculated  Properties  of  1.3.3-Trinitroazetidine  1 


I.  INTRODUCTION 


This  report  iWBUiitt  tho  research  under  Contract  N00014-78-C-0147 
during  tho  period  1  January  1983  through  31  December  1983  The  obiec- 
tieo  of  this  work  is  the  synthesis  of  new  high  density,  high  energy 
oompounds  for  explosives  applioations.  Work  was  continued  in  the  area 
•f  polynitroadamantanes.  A  new  area  of  investigation  is  the  synthesis 
of  small  ring  energetic  heterooyoles. 


II.  AZETIDIN1  CHEMISTRY 

A.  DISCUSSION 

On  the  basis  of  its  theoretioal  density  and  explosive  properties. 
1,3.3-trinitroasetidlne  was  seleoted  as  a  target  compound.  Calculations 
of  the  density  and  explosive  properties,  using  the  Miller  and  Chafln 
program,  are  shown  in  Table  I.  Previously  on  this  program,  research  was 
aimed  at  the  synthesis  of  nltrooxetanes  for  use  as  monomers.1  and  tech¬ 
niques  that  veers  developed  for  the  introduction  of  gem-dinltro  groups 
into  the  oxetane  system  provided  potential  applicability  to  the 
axetldine  ring  system. 


TABLE  I 

Calculated  Properties  of  1.3.3-Trinitroasetidine 


CH„-C<NO,>„ 

Dens ity . 

182 

I  I 

Detonation  velocity.. 

8.46  mm/microsec 

N - CH 

Detonation  pressure. 

353.34  kbat 

1  * 

Heat  of  formation. . . 

56  .  92  kca 1 /100  g 

Z 

O 

H 

109.35  keal /mo  1 e 

Although  a  considerable  amount  of  work  has  been  reported  dealing 
2 

with  asetidines.  the  only  nitro-substltuted  example  known  is  1-nitro- 
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3 

asetidlne,  which  was  synthesized  from  1-nitrosoazetidine 

CH_-CH_  CH, -CH„  CH, - CH, 

I  *  l  *  - >  i  2  :  2 - >  i  2  i  2 

H - CH,  H - CH,  N - CH. 

|  ^  I  *  »  ^ 

I  I  I 

M  NO  NO, 

It 

N-8ubstltuted  asetidines  with  functional  groups  in  the  3  position 

4 

Itl  readily  accessible  by  the  reaction  of  amines  with  epichlorohvdrin 

0  CH  -CHOH 

/  \  I  t 

ft-NH-  ♦  CH  CH-CH  C 1 - >  N - CH„ 

t  2  2  (  2 

R 

The  benshydryl  groups  of  N-benshydrylazetidine  derivatives  can  be 
removed  easily  by  oatalytic  hydrogenation5.  On  the  other  hand.  N-t- 
butyl  derivatives  of  larger-ring  heterocycles  are  converted  readily  to 
nitramines  by  nitrolysis*.  Thus  N-t-butyl-  and  N-benzhydryl-3-hydroiiy- 
asetine  were  ohosen  initially  as  starting  materials  for  this  work. 

4 

l-t-Butyl-3-hydrosyazetidine  hydroohloride  and  l-benahvdryl-3- 

7 

hydrosyasetidine  hydrochloride  were  obtained  from  the  corresponding 
amines  and  epiohlorohydrin.  Reaotion  of  these  salts  with  methanesul- 
(onyl  ohloride*  gave  the  corresponding  3-methanesulfonates 

The  direot  displacement  of  these  methanesulfonates  by  sodium 
nitrite  was  found  to  produce  3-nitroasetidine  derivatives  under  rather 
limited  conditions.  The  reaction  of  l-t-butyi-S-methanesufonatoacetidine 
with  sodium  nitrite  and  phlorgucinol  dihydrate  in  aoueous  methanol  at 
0°C  gave  an  •%  yield  of  l-t-butyl-3-nitroasetidine  in  48  h.  This  mat¬ 
erial  was  somewhat  unstable,  and  reactions  at  higher  temperatures  or  in 
mere  ionising  solvents  such  as  DMF  yielded  no  product  Because  of  the 
need  te  keep  the  reaotion  temperatures  low.  the  less  reactive  3-bromo  or 
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l«tMfUto  derivatives  (ailed  to  give  the  deeired  product.  The  benzhyd- 
ryl  derivative  failed  to  give  l-benzhydryi-3-nitroazetidine  under  these 
oonditions.  This  material  was  obtained  in  11%  yield  from  1-benzhydrvl- 
3-lodoasetidine  and  sodium  nitrite  in  aqueous  DMF  at  <S0°C  in  the  pres¬ 
ence  of  phloroglucinol.  The  produot  was  also  obtained  from  iodoazet- 
idine  formed  in-situ  from  the  methanesulfonate  and  sodium  iodide. 


CH  -CHOSO 

2Me 

CH,  -CHI 

1  *  1 

MeOH 

1  2  1 

r 

X 

u 

1 

1 

1 

Z 

- > 

N - CH 

1 

NaNO, 

1 

CM.  3 

2 

cm.3 

CM, -CHI 

DMF 

CH, -CHNO 

1  1 

H2° 

1  i 

N - CH, 

—  2— » 

N---CH, 

1  1 

NaNO, 

1  2 

CHPh 

2 

CHFh2 

Nitrite  displacements  on  four-membered  rings  have  not  been  repor¬ 
ted#  and  our  attempts  to  prepare  nitroosetanes  in  this  way  were  unsucc¬ 
essful.9  The  reactions  apparently  depend  on  the  accelerating  effect  of 
the  ring  nitrogen. 

l-Benshydryl-3-nitroazetidine  was  converted  to  l-benzhvdryl-3,3- 
dinitroasetidine  in  36%  yield  by  reacting  the  nitronate  salt  with  sodium 
nitrite  and  tetranitromethane  in  ethanol.  Attempts  to  use  the  oxidative 
nitration  reaotion  were  unsuccessful  because  of  low  water  solubility  of 
the  nitronate  salt.  On  the  other  hand,  l-t-butyl-3-nitroasetidine  was 
oaidatlvely  nitrated  with  silver  nitrate-  sodium  nitrite  to  give  1-t- 
butyl-3,3-dinitroasetidine  in  39%  yield.  A  60%  yield  was  obtained  with 
a  recently  developed1**  procedure  in  whloh  the  nitronate  salt  is  reacted 
with  sodium  ferrooyanide,  sodium  persulfate  and  sodium  nitrite.  The 
tetranitromethane;  or  potassium  forrooyante  -  sodium  nitrite  method  gave 
only  a  10%  yield. 


i 
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A  number  ot  Attempts  to  convert  the  l-benrhvdrvl-3.3-dinitroazeti- 
dine  to  1.3,3-trinitroaietidine  were  made  without  success.  The  benshv- 
dryl  group  is  sn  efficient  leaving  group  in  hydrogenations,  and  the 
hydrogenation  of  l-benshydryl-3.3~dinitroaretidine  was  found  to  give  an 
•0%  yield  of  diphenylmethane.  However,  no  nitro  compounds  were  reco¬ 
vered.  Direet  nitration  also  failed  to  give  1.3.3-trinitroaietidine. 
l-t-Butyl-3,3-dinitroasetidine  was  found  to  form  stable  salts  with 
strong  eoids,  and  was  thus  resistant  to  nitrolysis  even  with  hot  mixed 
nitrio  and  sulfuricacids.  With  100%  nitric  acid,  the  nitrate  salt  was 
obtained^  ep  135°  (dec).  The  triflate  salt  and  the  hydrobromide  were 
also  isolated.  Bromine  formed  a  stable  1:1  adduct  from  which  the 


starting  material  could  be  recovered.  However.  l-t-butyl-3.3-dmitro- 
asotidine  reaoted  quickly  with  a  mixture  of  nitric  acid  and  acetic 
anhydride  at  ice  bath  temperature  to  give  a  35%  yield  of  the  desired 
1.3,3-trlnitroasetidine. 

CH  -COM,),  CH2-C<N02>2 

I  I  HNO  I  | 

N - CHj  - >  n - CH2 

I  Ac  o  I 

CMe3  N02 

1.3.3-Trinitroaxetidlne  is  a  crystalline  solid  melting  at  101°C 


-  '/  V 


V 
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without  decomposition.  Above  150 °C  it  underwent  slow  decomposition  Its 
density,  determined  by  the  flotation  method,  was  found  to  be  1  83,  and 
its  erystallographic  density,  measured  at  the  Naval  Research  Laboratory. 

was  1.84. 

The  eleotron-withdrawing  effect  of  the  aem-dinitro  grouping  appears 
to  enable  this  nitrolysis  to  take  place  by  destabilizing  salts  of  the 
ssetidine  nitrogen.  The  reaction  of  l-t-butyl-3-hydroxyazetidine  with 
aoetyl  nitrate  gave  l-t-butyl-3-nitratoazetidine,  but  no  nitramine- 
oontaining  product.  Similarly,  l-i-propyl-3-hydroxyazetidine  gave  a 
high  yield  of  l-i-propyl-3-nitratoasetidine. 


CH  -CHOH 

«  2  I 

N - CH, 

I  2 

R 


hno3> 

Ac  20 


ch,-chono2 

I  i  R  =  Me  C  .  Me  CH 

N--CH2 
I 

R 


As  an  alternative  route  to  3-nitroazetidines.  oxidation  of  the 

oorresponding  amines  with  m-chloroperbenzoic  acid  was  tried.  This 

o 

reaotion  was  used  previously  with  the  oxetane  system  l-t-Butvl-3- 
aminoasetldine,  prepared  from  the  tosylate  and  ammonia11,  was  treated 
with  m-ohloroperbensoic  acid  in  refluxing  ethylene  chloride.  No  nitro 

oompound  was  obtained. 

Work  was  initiated  on  a  route  using  l-t-butyl-3-azidoazetidine  as 
an  Intermediate.  This  aside  was  obtained  in  75%  yield  by  reacting  the 
tosylate  with  sodium  aside  in  methanol. 


CH  -CHOSO-Me 
i  2  I  2 

N - CH, 

»  2 

CMe. 


MeOH 

N*N3> 


CH.-CHN 
!  2  I 

N---CH2 

I 

CM. 3 
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Another  method  of  introducing  nitro  groups  into  azetidines  that  was 

examined  briefly  is  halogenation  of  the  oximes  1-t- Butyl-3-oxiinino- 

axetidine  could  not  be  prepared  because  of  instability  of  the  precursor, 

12 

l-t-butyl-3-azetidone.  However,  i-benzhydryl-3-azetidone  ,  obtained 
from  the  reaction  of  the  alcohol  with  oxalvl  chloride  and  dimethyl 
sulfoxide,  was  treated  with  hydroxylamine  to  give  l-benzhydryI-3-oxim- 
inoatetidine.  The  reaction  of  N-bromosuccinimide  with  this  oxime 
cleaved  of  the  benshydryl  group  to  form  benzophenone  but  no  evidence  for 
nitro-oontaining  produots  was  obtained.  Nitration  of  adamantanone 
oximes  in  refluxing  methylene  chloride  gives  aem-dinitro  compounds1 
However,  nitration  of  l-benzhydryl-3-oximinoazetidine  under  these  condi¬ 
tions  gave  only  the  starting  ketone. 

13 

l-t-Butyl-3-cyanoaxetidine  was  prepared,  and  was  subjected  to 

14 

alkaline  nitration  conditions  ,  but  the  desired  nitro  derivative  was 
not  obtained.  The  nitrile  also  did  not  react  with  100%  nitric  acid 

Another  approach  to  nitroazetidines  is  to  introduce  the  nitramino 
function  before  the  C-nitro  groups.  Hydrogenation  of  l-benzhvdryl-3- 

5 

hydroxyazetidine  with  Pearlman's  catalyst  gave  a  hioh  yield  of  the 
hydrochloride  of  3-hydroxvazetidine.  Nitration  of  this  salt  with  acetyl 
nitrate  gave  an  87%  yield  of  l-nitro-3-nitratoazetidme 


CH  -CH-OH 

1  2  1 

»2 

- > 

CH, -CH-OH 
!  Z  I 

HNO- 

ch2 

» 

-CHONOz 

1 

1 

C 

X 

o 

1 

1 

1 

Z 

HN - CH, 

- > 

N  — 

-CH 

• 

CHPh2 

HC1 

H  +  Cl'2 

Ac2° 

1 

no2 

L 

The  nitrate  ester  is  a  solid  melting  at  70-7l°c.  with  a  density  of  1  61 
The  material  is  available  in  good  overall  yield  Removal  of  the  nitrate 
ester  group  did  not  take  place  readily,  but  exhaustive  attemots  were  not 

made. 


6 
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Hydrogenation  of  l-benzhydryI-3-menthanesulfonatoazetidine  similar¬ 
ly  gave  3-menthansulfonatoazetidine.  and  nitration  with  acetyl  nitrate 
gave  a  high  yield  of  l-nitro-3-methanesulfanatoazeditine  l-Nitro-3- 
methansulfanatoazetidine  did  not  undergo  displacement  reactions  with 
•odtua  nitrite  or  sodium  azide.  No  reaction  was  observed  below  100 °C 
and  the  nitraaine  decomposed  above  that  temperature 


CH  -CHOSO,Me 
I  «  H 

N—  CH  -----> 

I  l^Cl 

CHPh 


CH, -CHOSO-M# 
i  !  HN03 

HN - CH,  - > 

H +  Cl“  Ac  O 


CH2-CHOS03Me 

I  I 

I  I 

N— CH2 


NO 


2 


Nitration  of  3-earboxyazetidine  with  acetyl  nitrate  gave  3- 
oarboxy-l-nltroazetidine.  This  material  was  desired  for  conversion  to 
an  aster,  followed  by  alkaline  nitration.  This  approach  was  abandoned 
whan  attempted  alkaline  nitrations  of  the  nitrile  were  unsuccessful 


B.  EXPERIMENTAL 

l-t-Butyl-3-hydrozyazetidine  Hydrochloride  A  modification  of  the 
<1 

procedure  of  Gaertner  was  used.  A  solution  of  292  g  (4  mol)  of  t- 
butylamtne  and  370  g  <4  mol)  of  epichlorohydrin  in  700  ml  of  hexane 
was  stirred  at  room  temperature  for  3  days.  The  solvent  was  removed  at 
40°C  under  vacuum,  200  mL  of  acetonitrile  was  added,  and  the  solution 
was  reflused  for  4  h.  Filtration,  oonoentration  of  the  filtrate  and 
refiltration  gave  445  g  (67%)  of  l-t-butyl-3-hydroxyazetidine  hydrochlo¬ 
ride,  mp  145-167 °C  (lit4  165-166°C). 

1-Benxhydryl- 3 -hydroxy asetidine  Hydrochloride  This  material  was 

7 

prepared  by  the  procedure  of  Anderson  and  Lok  usino  methanol  as  the 
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r  Met  ion  solvent.  An  Attempted  preparation  of  1-benzhvdryl- 3-azetidinol 
hydrochloride  in  hexane  pave  no  crystalline  products 

l-t-Vutyl-3-methenesuIfonatoaxetidine  The  method  of  Masuda.  et 
al.  **  was  used.  Thus,  a  solution  of  33  a  (0.2  mol)  of  1-t-butyl-  3- 
hydroxyasetidine  hydrochloride  in  SO  mL  of  water  was  made  basic  (pH  13> 
with  10%  sodium  hydroxide  solution  and  was  extracted  with  3  to  100  mL 
portions  of  methylene  chloride  The  methylene  chloride  solution  was 
dried  over  magnesium  sulfate  and  the  solvent  was  removed  under  vacuum 
The  unstable  free  amine  was  dissolved  immediatedlv  in  a  solution  of  30  g 
(0.3  mol)  of  triethylamine  in  150  mL  of  dry  benzene,  and  the  solution 

o 

was  cooled  to  0  C  with  an  ice-salt  bath.  Methanesulfonyl  chloride.  27 .5 
g  <0.33  mol)  was  addad  dropwise  at  a  rate  to  maintain  the  temperature 

O  O 

below  4  C.  and  the  solution  was  stirred  for  2  hrs  at  0  after  the 
addition  wae  complete.  The  precipitated  triethylamine  hydrochloride  was 
filtered  and  was  washed  with  100  mL  of  benzene  Solvent  was  removed 
from  the  filtrates  under  vacuum  at  45 °C.  and  the  residue.  40  g  (70%)  of 
l-t-butyl-3-methanesulfonatoazetidine,  was  used  without  further  purifi¬ 
cation. 

l-t-lmtyl-3-nltroasatidine.  A  solution  of  25  g  '0  36  mol)  sodium 
nitrlta  in  30  mL  of  water  was  added  to  a  solution  of  40  g  (0  25  mol)  of 
l-t-butyl-3-methanesulfonyloxyazetidine  and  32  g  (0  2  mol)  of  phloroglu- 
olnol  dihydrate  in  300  mL  of  methanol,  and  the  reaction  mixture  was 
allowed  to  stand  at  0°C  for  48  hrs.  The  resulting  brown  solution  was 
stripped  of  solvent  under  vacuum  at  30 °C  and  200  mL  of  water  was  added 
This  mixture,  which  decomposes  on  standing,  was  ext c  acted  rapidly  with 
three  100  mL  portions  of  methylene  chloride  The  m  thvlene  chloride 
solution  was  dried  over  magnesium  sulfate  and  evapotated  and  the  resul¬ 
tant  oil  was  distilled  to  yield  2  5  g  (  8%)  of  1-t-but vl-3-nitroazeti- 
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din*,  bp  50-52 °C  (0  1  am):  IR  (C^C^)  3000  (C-H).  1550.  1430  cm'1 
<N0g);  NMR  (DCClg)  &  0.95  (s.  9  H.  CHg).  3.55  (asym  d.  J>3  Hz.  4  H. 

CHg),  4.90  (quint,  J-3  Hi,  1  H). 

Anti-  C*lcd  (or  c7H1^2°2:  C‘  51  14;  H'  8  72:  N  17  70  Fo«nd  C. 
52.17;  H,  0.44;  N,  14.33. 

l-t-Butyl-3-nitroasatidin*  was  stable  at  -15°C  for  long  periods, 
but  *t  room  t*ap*ratur*  in  a  sealed  tub*,  it  became  brown  and  viscous  in 
several  day*.  Attempted  preparations  of  this  material  starting  with  1- 
t-butyl-3-broaoasetidin*  or  l-t-butyl-3-tosylatoaxetidine  or  using  other 
solvents  suoh  a*  DMF  or  using  anhydrous  conditions  were  unsuccessful. 
Longer  reaotlon  times  up  to  on*  week  failed  to  inorease  the  yield  and 
reaction*  at  room  temperature  gave  yields  in  the  3%  range. 

l-Benshydryl-2-nitroas*tidin*.  A  solution  of  31.5  g  (0.1  mol)  of 
l-benshydryl-3-methanesulfonatoaietldine.  7.5  g  (0  11  mol)  of  sodium 
nitrite,  12  g  of  phlorogluoinol  dihydrate,  14  g  (0.1  mol)  of  sodium 
iodide,  and  20  mL  of  water  in  200  mL  of  DMF  was  stirred  at  50  °C  for  48 
hr*  and  was  then  added  to  150  mL  of  water.  The  mixture  was  extracted 
with  5  100  mL  portions  of  ether  to  give  14.1  g  of  oil.  shown  by  NMR 
analysis  to  be  a  1:1  mixture  of  l-benihydryl-3-iodoaxetidin*  and  1- 
benshydryl-3-nitroaietidine.  Column  chromatography  (silioa  gel.  methy¬ 
lene  ohlorlde)  to  yield  3.0  g  (11%)  of  l-benxhydryl-3-nitroaxetidine.  m^ 
135-134°C:  IR  (CH^^):  3050  (C-H).  1550.  1440  (NCy,  1370.  1340.  1200. 
tiao,  1140,  1080,  1030  cm-1,  NMR  (CDCy  &  3  5  (asvm  d.  J«3  Ht.  4  H 
CHj),  4.2  (s.  1  H.  CH>.  4.8  (m.  1  K.  CH).  7  0  (m.  10  H.  Ar)  ppm 

Altai.  Calcd  for  CUHJ6N2C>2:  C.  71.42;  H.  4.01;  N.  10.44.  Found 
C,  71.21;  H.  4.52;  N,  10.10 

Similar  results  were  obtained  when  l-benxhydryl-3-iodoazetidine  was 
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wed  In  place  of  l-benshydryl-3-methanesulfonatoazetidine  Reactions 
using  itthinol  as  a  solvent  (ailed  to  produce  the  desired  product. 
Reactions  using  lithium  bromide  in  place  of  sodium  iodide  pave  1-benzhv- 
dryl-9-nitroasetidine  in  smaller  yields.  The  use  of  anhydrous  condi¬ 
tions  and  the  addition  of  urea  to  dissolve  the  sodium  nitrite  in  DMF  did 
not  improve  the  yield. 

1— t-Rutyl-9-bromoametidine .  A  mixture  of  29  a  (0  1  mol)  of  l-t- 

butyl-3-methanesulfonatoaxetidine,  14  g  <0.2  mol)  of  lithium  bromide  and 

90  mL  of  aoetone  was  stirred  24  h  at  room  temperature  The  salts  were 

filtered,  the  aoetone  was  evaporated  on  a  rotary  evaporator  and  the 

residual  oil  was  distilled  to  yield  9.5  g  <49%)  of  l-t-butyI-3-bromo- 

asetldine,  bp  45-70° C  <30  mm):  1R  (C^C^):  3000.  2900  <C-H>.  1460. 

1940,  1X20,  1100,  1090,  980  cm'1;  NMR  <CDC1  >  S  10  <s.  9  H.  CH  ).  3.4 

3  3 

(m,  4  H,  CH2>,  4.2  <quint,  1  H.  )  ppm. 

Anal  Calod  for  C^^NBr:  C,  43.74;  H.  7  34;  N.  7  29.  Found:  C. 
49.45;  H.  7.04;  N,  7.19. 

1-lemshf dryI-9-iodoasetidine .  A  solution  22  g  <0  44  mol)  of  of  1- 
benshydryl-9-methanesulfonatoasetidine  and  12  g  <0  6  mol)  of  sodium 
iodide  in  100  mL  of  DMF  was  stirred  at  60  °C  for  5  hrs  and  200  mL  of 
water  was  added.  Eatraotion  with  3  a  100  mL  portions  of  ether  pave  a 
dark  brown  oil.  This  oil  was  dissolved  in  30  mL  of  methylene  chloride 
and  was  passed  through  10  g  of  silica  gel  Evaporation  of  the  methylene 
ehloride  gave  a  waay  solid  which  was  recrystallised  from  ethanol  to  give 
14.9  g  (70%)  of  l-benshydryl-3-iodoaiotidine.  mp  96-97 °C:  IR  iCl^cij): 
9090  <C-H>,  1420,  1200,  1060,  1020  cm"1;  NMR  (CDClg)  &  3,4  <m.  4  h. 
CHa>,  4.2  (m,  1  H),  4.4  <s,  1  H),  7.0  <m,  10  H.  Ar)  ppm 

An«i-  Calod  for  C^H^NI:  C,  55  02;  H.  4  62,  N.  4  00  Found  C. 
55.29;  H,  4.80;  N,  4  03 
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l-Benshydryl-3,3-dinitroasetidine.  A  solution  of  10  g  (0.0037 
•el)  of  l-benshydryl-3-nitroaxetidine  and  0.30  g  (0.0075  mol)  of  sodium 
hydroxide  in  30  bL  of  ethanol  was  stirrod  for  30  min  at  room  temperature 
end  1.0  o  of  sodium  nitrite  was  added.  Dropwise  addition  of  1.0  g 
(0.005  mol)  of  tetranitrometh&ne  resulted  in  an  exothermic  reaction, 
end  a  cool  water  bath  was  used  to  keep  the  temperature  below  30°C. 

After  30  min,  and  the  ethanol  was  evaporated  on  a  rotary  evaporator,  amd 
SO  bL  of  water  was  added  and  the  aqueous  layer  was  extracted  twice  with 
SO  bL  of  ether  to  give  a  waxy  solid.  Recrystallization  from  ethanol 


gave  0.44  g  (38%)  of  l-benzhydryl-3,3-dinitroazetidine.  rap.  65~84°C:  IR 

-1 


SOSO  (C-H),  1580,  1440  (NO,).  1380.  1340.  1200.  900  cm"  ;  NMR 
(CDClj);  8  3.95  (s,  4  H.  CHj),  4.4  (s.  1  H.  CH).  7.1  (m.  10  H.  Ar)  ppm. 

Altai.  Calcd  for  C,  41.33;  H,  4.80;  N.  13.42.  Found. 

C.  41.34:  H,  3.04;  N.  13.23. 

Atteapted  preparations  of  this  material  by  oxidative  nitration 
using  silver  nitrate  -  sodium  nitrite  or  by  using  potassium  ferrocyanlde 
-  sodium  persulfate  -  sodium  nitrite  failed  to  give  the  desired  product. 

l-t-Butyl-3.3-dinitroaxetidine.  Freshly  distilled  l-t-butvl-3- 
nitroasetidine  (3.2  g,  0.0202  mol)  was  dissolved  in  a  solution  of  0.84  g 
(0.021  aol)  of  sodium  hydroxide  in  50  mL  of  water  (30  min  stirring  at 
room  temperature),  and  the  solution  was  cooled  to  10 °C.  Then  a  chilled 
solution  of  4.9  g  (0.1  aol)  of  sodium  nitrite  and  1.3  g  <0.004  mol)  of 
potassium  ferrocyanlde  in  50  mL  of  water  was  added  followed  by  4  4  g 
(0.028  mol)  of  solid  sodium  persulfate.  The  temperature  rose  to  30 °C 
after  10  min.  The  mixture  was  stirred  for  one  h  and  then  was  extracted 
with  methylene  chloride  (2  x  50  mL).  The  methylene  chloride  solution 
was  dried  with  magnesium  sulfate  and  the  solvent  was  removed  on  a  roto- 
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vae.  The  ruidvil  liquid  was  distilled  to  give  2  44  a  *60%)  of  1-t- 
butyl-3,3-dinitroasetidine,  bp  70-72°C  (0.2  mm),  mp  17-i8°C:  IR 
(CHjClj):  SOSO  (C-H).  1580,  1465  (NOj),  1375.  1320.  1240  cm-1  NMR 
<CDC13>:  4  l.O  <e,  9  H,  CH3>,  4  0  (•,  4  H.  C)^)  ppm 

Ariel.  Celcd  for  C  ^  ^  5°4  C.  41.38,  H.  6.45;  N.  20  68  Found;  C. 
41.66;  H,  6.57;  N,  20.11. 

Oxidative  nitration  of  l-t-butyI-3-nitroacetidine  to  l-t-butyl-3.3- 
dinitroaaetidine  was  also  accomplished  using  silver  nitrate-  sodium 
nitrite  in  39%  yield  or  tetranitromethane  in  10%  yield  This  material 
was  stable  for  long  periods  at  room  temperature  and  stable  to  100% 
nitrio  sold,  mixed  nitric  and  sulfuric  acids,  and  trifluoromethanesul- 
fonio  sold.  Xt  formed  a  nitrate  salt,  mp  155 °C  (dec). 

Hydrogenation  of  l-Benshydryl-3,3-dinitroasetidine  A  mixture  of 
0.40  g  (0.0013  mol)  of  l-benxhydryI-3.3-dinitroasetidine.  100  mL  of 
methanol,  0.5  g  of  concentrated  hydroohloric  acid  and  0  080  g  of  Pearl- 
man's  oatalyst  <5%  palladium  hyroxide  on  carbon)  was  hydrogenated  at  50 
pel  at  room  temperature  for  24  hours  in  a  Parr  bomb.  At  this  time  no 
further  drop  in  pressure  was  observed  and  the  catalyst  was  removed  by 
filtration.  Evaporation  of  the  methanol  and  extraction  of  the  residual 
oil  with  ether  gave  a  small  amount  of  ether  insoluble  oil  that  contained 
no  nitro  groups.  The  ether  layer  contained  0.17  g  (80%)  diphenyl- 
methane,  ,  as  identified  by  IR  and  NMR  comparisons  with  authentic 
material. 

1,3,3-Trinitroaxetidine.  Acetio  anhydride  (5  mL)  was  cooled  with 
an  ioe  bath  to  2°C  and  1.5  mL  of  100%  nitric  acid  was  added  dropwise. 
The  mixture  was  stirred  for  5  min  and  0.75  g  (0.0037  mol)  of  1-t- 
butyl-3,3-dinitroazetidine  was  added  dropwise  A  waxy  solid  precipi¬ 
tated  and  slowly  redissolved  After  1  hr.  50  mL  of  methylene  chloride 
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mi  added,  end  the  solution  was  washed  with  SO  mL  of  water  and  SO  ml  of 
10%  sodium  oarbonate  solution,  dried  with  magnesium  sulfate,  and  strip¬ 
ped  of  solvent.  The  residual  solid  was  recrystallized  three  times  from 

I 

oarbon  tetraohloride  to  yield  0.25  g  (35%)  of  1.3.3-trinitroasetidine. 
mp  103-104 °C;  IR  (Cl^Clj):  3050  (C-H),  1580.  1420  (NOg)  cm”1;  NMR 
{tody,  c  5.0  (s)  ppm;  density  (AgNOg  solution  flotation)  1.83.  This 
material  decomposed  above  150  °C  and  a  sample  was  detonated  by  a  hammer 
blow. 

Am}.  Caled  for  CgH^O^:  C.  18.78;  H.  2.10;  N.  29.18.  Found:  C, 

10.93:  H.  2  18;  N  28.81. 

l-t-Sutfl-3-nitratoasetidina  A  solution  of  5.0  g  (0.038  mol)  of 
l-t-butyl-3-hydrosyasetidine  in  10  mL  glaoial  acetio  acid  was  added 
dropwise  at  10-15  °C  to  a  solution  of  aoatyl  nitrate  prepared  from  10  mL 
of  100%  nitrlo  add  and  20  mL  of  aeetie  anhydride.  The  misture  was  kept 
at  10°C  for  30  min  and  at  25°C  for  5  hrs  and  than  was  poured  over  100  mL 
of  loo.  The  misture  was  neutralised  with  10%  potassium  hydroside  and 
was  estraeted  twioe  with  50  mL  of  diethyl  ether.  The  solution  was  dried 
over  sodium  sulfate  and  solvent  was  removed  to  yield  3  15  g  (47%)  of  1- 
t-butyl-3-nitratoasetidine  as  a  liquid:  IR  (Cl^cig):  3000  (C-H>.  1810  (- 
ON02>.  1480,  1350,  1285,  1220,  1120  cm-1:  NMR  (neat)  £  0.95  (s.  9  •!. 

CHg),  3.2  (m,  4  H,  CHg),  5.2  (quint,  1  K,  CH)  ppm.  This  material 
decomposed  on  standing  and  was  not  subleot  to  elemental  analysis. 

Similar  reaotions  of  l-t-butyl-3-hydrosyasetidine  with  mised  nitric 
aoid  -  sulfurio  acid,  or  with  100%  nitrlo  acid  lead  only  to  formation  of 
nitrate  esters.  No  nitr amines  were  observed 

l-l-Propyl-3-nitratoasetldine.  A  solution  of  1  ni  of  conoentrated 
sulfurio  aoid  and  7  mL  of  100%  nitrlo  aoid  was  cooled  to  5°C  and  3  0  g 
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(0.02  mol)  of  l-i-propyl-3-hydroxyasetidine  hydrochloride,  wee  added 
The  eolation  wee  etirred  for  24  hre  et  room  temperature  end  wes  end 
poured  over  100  mL  of  ice  The  weter  solution  was  neutralised  with  10% 
aqueous  poteeeium  hydroxide  end  wes  extracted  with  3  x  SO  mL  portions  ot 
•ethylene  ehloride.  The  methylene  chloride  solution  wee  dried  over 
magnesium  sulfate  end  solvent  wes  removed  to  yield  2  8  g  (87%)  of  1-i- 
propyl-3-nitretoesetidine  1R  (CMjCl  >:  3000  <C-H)  1620  (-ONCy.  1460. 

1300,  1320,  1200,  1220.  1190.  1095  cm"1.  NMR  (neat)  f  1.0  (d.  J  =  3  Ht. 

4  H,  CH  >,  2.2  <•,  1  H,  CHMe, ),  3  0  (m,  2  H).  3  6  <m.  2  H).  5  2  (m.  1  H. 

3  it 

0 

ring  CH).  This  seteriel  formed  e  solid  hydrochloride,  mp  154  C  (dec). 

Anal.  Celcd  for  C <H13N2°3C1;  c-  36.64.  H.  6.66;  N.  14.24.  Found: 

C.  34.27;  H,  4.47;  N  14.05. 

Similar  reactions  of  l-i-propyl-3-hydroxyasetidine  with  nitric  acid 
or  eoetyl  nitrate  solutions  gave  nitrate  esters  but  no  nitramines. 

l-t-Butyl-3-aminoasetidine.  A  solution  of  29  g  (0.1  mol)  of  1-t- 
butyl-3-tosylatoaietidine  in  100  mL  of  methanol  saturated  with  ammonia 
was  stirred  for  two  days  at  room  temperature.  The  solution  was  filtered 
and  the  methanol  was  removed  under  vacuum.  The  residual  oil  was  dissol¬ 
ved  in  100  mL  of  methylene  chloride,  washed  with  50  ml  of  10%  sodium 
oarbonate  solution,  dried  with  magnesium  sulfate  and  stripped  of  sol¬ 
vent.  Distillation  of  the  resultant  oil  gave  5  0  (40%)  of  l-t-butvl-3- 
aminoasetidine.  bp  55-58°C  (10  mm).  Spectra  and  physical  properties 
were  identioal  to  those  reported. 11 

Attempted  Oxidation  of  l-t-Butyl-3-aminoasetidine  A  solution  of 
1.42  g  (0.0012  mol)  of  l-t-butyl-3-aminoasetidine  in  5  ml  of  1.2-dichlo- 
roethane  was  added  dropwise  to  a  refluxing  solution  of  5.5  g  (0  03  mol) 
m-ohloroperbensoio  acid  in  50  mL  of  1.2-dichloroethane.  An  exothermic 
reaction  took  plaoe  and  a  pale  green  solution  was  formed  The  solution 
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was  refluxed  for  30  nin,  cooled,  washed  twice  with  50  mL  of  pH  6  0 
phoephete  buffer.  Renovel  of  the  solvent  gave  an  oil  that  showed  no  IR 
nltjro  bands  between  1500  and  1630  on-1.  This  oil  was  not  investigated 

t 

further  . 

l-t-Bvtyl-3-axidoasetidine  A  solution  of  14.0  a  (0.049  mol)  of 
l-t-butyl-3-tosyloxyasetidine  and  3.5  g  of  sodium  azide  in  50  mL  of 
•ethanol  was  stirred  at  room  temperature  for  18  hrs.  The  methanol  was 
•vaporated  and  the  residue  was  dissolved  in  50  mL  of  methylene  chloride 
and  was  washed  with  50  mL  of  water  and  50  mL  of  10%  sodium  oarbonate 
•olution.  The  methylene  chloride  layer  was  dried  over  magnesium  sulfate 
and  solvent  was  removed  to  yield  5.7  g  (0.037  mol.  75%)  of  crude  1-t- 
butyl-3-asetidine,  a  light  brown  oil  essentially  pure  on  the  basis  of 
NMR.  An  analytical  sample  was  obtained  by  distillation  (with  difficulty 
because  of  foaming):  bp  50-52  <0.5  mm):  IR  (C^c^)  3000  (C-H).  2140  (- 
Ng),  1380.  1220,  1100.  1000  oxf  S  NMR  (CDCLj)  6  0.95  (s.  9  H.  CHj).  3  0- 
4.0  (m,  5  H). 

Anal-  Calod  for  C,  54.52;  H,  9  15:  N,  36.33.  Found.  C. 

54.66;  H,  y.au;  N  36.18. 

i-Benshydryl-3-asetidone  A  solution  of  8.8  g  (O  il  mol)  of  di¬ 
methyl  sulfoxide  in  20  mL  of  methylene  chloride  was  added  dropwise  to  a 
solution  of  7.0  g  (0.055  mol)  of  oxalyl  chloride  in  50  mL  of  methylene 
ohloride  at  -78°C.  and  stirred  for  10  min.  Then  a  solution  of  10  g 
<0.05  mol)  of  l-Benzyhydryl-3-hydroxyazetidine  in  50  mL  of  methylene 
ohloride  was  added  dropwise  and  the  mixture  was  stirred  for  30  min. 

Then  22  g  (  0.11  mol)  of  triethylamlne  was  added  and  the  solution  was 
warmed  to  room  temperature.  The  methylene  chloride  solution  was  fil¬ 
tered,  washed  twice  with  100  mL  portions  of  water,  dried  over  magnesium 
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sulfate  end  stripped  of  solvent  to  yield  a  dark  oil  This  oil  wa- 
extraoted  with  hot  hexane  <4  x  50  mL).  Evaporation  of  the  hexane  gave 

4.2  g  (60%)  of  l-benshydryi-3-axetidone.  mp  94-95 °C  (methanol).  70-71°C 
(ethanol),  (lit. 12  77-78). 

i 

l-Benshydryl-3-axetidione  was  converted  to  l-benzhydryl-3- ov:mino- 
axetidine  with  hydroxylamine  hydrochloride  and  sodium  carbonate  in 
ethanol:  mp  14B-169UC  tut.  l6v-i/u°C). 

Anal.  Calcd  for  CUH16N20:  C.  76.16;  H.  6  39;  N.  1100  Found:  C. 

75.95;  H.  4  28;  N.  10.91. 

Reaction  of  l-Benthydryl-3-oximinoasetidine  with  NBS.  A  solution 
Of  5.5  o  <0.01  mol)  of  l-benchydryl-3-oximinoazetidine  in  100  mL  of 
diosane  was  added  to  a  mixture  of  6.0  g  (0.03  mol)  of  n-bromosuccin- 
imide,  and  3.0  g  of  sodium  bicarbonate  in  50  mL  of  water.  The  reaction 
mixture  beoame  dark  blue  and  then  green  over  a  10  min  period.  After  the 
mixture  was  stirred  for  30  min.  it  was  added  to  300  mL  of  water  and 
extracted  three  times  with  100  mL  portions  of  methylene  chloride  to  give 

1.2  g  (67%)  of  benxophenone,  identified  by  IR  and  NMR  comparison  with 
authentio  material.  The  aqueous  solution  was  made  alkaline  with  10% 
sodium  hydroxide,  and  reextraction  with  methylene  chloride  gave  only  a 
trace  of  l-benshydryl-3-asetidone. 

Nitration  of  l-Benxhydryl-3-oximinoasetidine  To  a  solution  of  10 
g  (  0.004  mol)  of  l-benxhydryl-3-oximinoatetidine  in  10  mL  of  refluxing 
methylene  ohlorlde  was  added,  dropwise,  1.5  mL  of  100%  nitric  acid  The 
solution  beoame  dark  green,  blue  and  then  colorless  over  a  10  min 
period.  After  20  minutes,  the  solution  was  cooled  and  extracted  twice 
with  10  mL  of  water,  dried  over  magnesium  sulfate  arri  stripped  of 
solvent.  Extraction  of  the  residue  with  10  mL  of  chloroform  yielded 
0.10  g  (10%)  of  unreacted  starting  material  Evaporation  of  the  chloro- 

16 
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form  gtvi  0.80  g  (77%)  of  l-benshydryI-3-asetidone,.  identified  by  IR 

end  NMR. 

i 

t  Attempted  Preperetion  of  l-t-Butyl-3-cyano-3-nitroazetidine.  A 
•elation  of  13.8  g  (O.i  mol)  of  l-t-butyl-3-cyanoasetidine*3  end  17  g  ( 

0.1S  mol)  of  poteeeium  t-butoxlde  in  SO  ml  of  tetrahydrofuren  at  -50°C 
end  wee  stirred  for  30  min  end  11.8  g  (  Oil  mol)  of  propyl  nitrate, 
ores  added  dropwise.  The  solution  was  allowed  to  stand  at  room  tempera¬ 
ture  for  one  hr  and  100  mL  of  water  was  added  The  mixture  was  extrac¬ 
ted  with  ether  to  give  starting  8.0  g  (58  %)  of  recovered  l-t-butyI-3- 
oyanoasetidine,  bp  70-72 °C(4  mm).  No  nitro  containing  materials  were 
observed. 

Similar  results  were  obtained  when  this  reaction  was  attempted  with 
l-benshydryl-3-oyanoasetidine. 

Reaction  of  l-t-Butyl-3-oyanoaxetidine  with  Nitric  Acid.  A  solu¬ 
tion  of  1.0  g  (0.007  mol)  l-t-butyl-3-oyanoasetidine  in  5  mL  of  100% 
nitrio  sold  was  prepared  at  S°C,  and  was  stirred  for  24  hrs  at  room 
temperature.  The  reaotion  mixture  was  quenched  with  50  mL  of  water,  and 
was  made  basio  (pH  )13)  with  10%  potassium  hydroxide.  The  water  was 
estraoted  with  methylene  chloride  to  give  0.80  g  (80%)  of  recovered  1-t- 
butyl-3-oyanoaxetidine.  No  nitramines  were  observed  in  the  IR. 

3-Nitrato-l-nitroasotidino.  The  addition  20  mL  of  100%  nitric  acid 
to  100  mL  of  aoetio  anhydride,  with  ice  bath  cooling,  was  carried  out 
at  a  rate  suoh  that  the  temperature  did  not  exceed  15  °C  .  After  30  min 
10  g  (0.1  mol)  of  3-hydroxyasetidium  chloride  was  added  at  10°C  and  the 
solution  was  stirred  at  room  temperature  for  6  hrs.  The  mixture  was 
poured  over  100  mL  of  ice  and  water.  After  the  mixture  was  stirred  for 
20  min.  the  precipitate  was  filtered  and  recrystallized  from  chloroform 
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to  givs  14.3  g  (87%)  of  3-nitrato-l-nitroaxetidine,  mp  "0-71°C.  bp  115- 

118  <0.2  nn),  dsnsity  (AgNO  3  solution  flotation)  1  61  IR  (C^C.^)-  3050 

(C-H).  1440  <ONO j),  1540.  1430  <N02).  1310.1270,  1170,  1140.  1000.  840 

O*"1;  NNK  <CDCr):  4  4.5  <m,  4  H,  CHj),  5.3  <m,  1  H,  CH>  ppm 

Anal.  Calcd  for  C  H_N_0_:  C,  22  09.  H.  3  09;  N.  25  76  Found  C. 

J  D  3  3 

22.27;  H,  3 .04;  N,  22.47 

3-Methan*sulfonato-l-nitroaz*tidine  Nitric  acid  (108  mL.  100%) 

was  added  to  50  mL  of  acetic  anhydride  while  the  temperature  was  kept 
o 

below  15  C,  and  the  solution  was  stirred  for  30  min  Then  5  6  p  <0  03 
mol)  of  3-methanesulfonatoazetidium  chloride  1  was  added  and  the  mixture 
was  stirred  at  15 °C  for  30  min.  The  solution  was  peured  over  100  mL  of 
lee  and  the  aisture  was  stirred  for  2  hrs.  The  solid  which  formed  was 
filtered  and  recrystallized  from  ethanol  and  then  chloroform  to  give 
5.25  g  <84%)  of  3-methanesulfonato-l-nitroazetidine.  mp  75-76 °C:  IR 

<CH2C12>:  3050  <C_H)'  1530  <N£V'  i340'  l180,  l020>  960  910  om  1  NMR 

UltiCI g);  &  3.05  <s.  3  H.  CHg-S),  4.6  <m,  4  H.  CH^.  5  1  <m.  1  H)  ppm 

Anal.  Calcd  for  C^gN^S:  C.  24.36,  H  4  09;  N.  14  20.  Found  C 
24.50;  H.  4.22;  N,  14  09. 

Reaction  of  3-Hethanesulfonato-l-nitroasetidine  with  Sodina 
Nitrite.  A  solution  of  1.8  g  <0.01  mol)  of  3-methanesulfonato-l-nitro- 
asetldine,  0.8  g  <0.011  mol)  of  sodium  nitrite.  1.4  g  of  phloroqucinol. 

0.2  g  of  urea,  and  0.5  g  of  lithium  bromide  in  40  mL  of  DMF  was 
•tirred  at  room  temperature  for  4  days.  NMR  analysis  showed  no  reac¬ 
tion,  and  hoating  the  solution  2  days  at  40  °c  gave  1  55  g  <86  H)  of 
rsooversd  3-methanesuIfonato-l-nitroazetidine. 

Reaction  of  3-Hsthanesulfonato-l-nitroaietidine  with  Sodium  Azide 
A  solution  of  1.8  g  <0.01  mol)  of  3-methanesulfonato-i-nitroaretiaine 
and  1.0  g  <0.015  mol)  of  sodium  azids  in  30  mL  of  diethyleneplvcol  w-is 
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stirred  it  80 °C  for  24  hrs.  NMR  and  IR  analvsis  of  showed  no  reaction 
Heating  the  mixture  to  130  °C  gave  an  intractable  tar 

3-Carboxy-l-nitroasetidine  To  a  cooled  solution  of  SO  mL  of 
•eetio  anhydride  was  added  10  mL  of  100%  nitric  acid,  with  the  temoera- 
ture  maintained  below  15  °C.  This  solution  was  stirred  for  10  min  and 
5.0  g  (0.034  mol)  of  3-carboxyaxetidinium  chloride7  was  added  After  10 
min,  an  exothermic  reaction  occured  and  the  solid  dissolved.  The  solu¬ 
tion  was  stirred  for  8  hrs  and  was  then  poured  over  100  mL  of  ice  The 
mixture  was  extracted  twice  with  100  mL  portions  of  methylene  chloride, 
•nd  the  aqueous  layer  concentrated  to  25  mL  and  extracted  twice  with  50 
mL  of  ether.  Evaporation  of  the  ether  and  trituration  of  the  residual 
oil  with  methylene  chloride  gave  a  solid  which  was  recrystallixed  from 
ether  to  give  3.4  g  (45%)  of  3-oarboxy-l-nitroatetidine,  mp  132-134°C: 

IR  (KBr):  3100-2900  (O-H).  1495  <C»0>,  1540.  1430  (NO  ,,  1300,  1220. 

4 

1140,  920  cm”1:  NMR  <D20>.  f  3.5  <m.  1  H),  4  5  (assym  d.  J=  3  Hr.  4  H). 
Anal-  Calcd  for  C^N^:  C.  32.88;  H.  4.14;  N.  19 .17.  Found  C. 

32.85;  H,  4.84;  N  18.98. 


i 
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III.  ADAMANTANE  CHEMISTRY 

A.  DISCUSSION 

i 

A  study  of  the  synthesis  of  carbocyclic  poivnitro  compounds  was 
initiated  in  the  preceding  year1  with  the  objective  of  producing  useful 
high  density  explosives.  With  monofunctional  adamantanes  as  model  com¬ 
pounds,  intermediates  to  geminal  dmitro  groups  were  obtained  by  several 
routes:  direct  nitration  of  oximes,  bromination  or  chloiination  to  halo- 
nitro  oompounds,  and  oxidation  of  oximes  or  amines  to  nitro  compounds 
Extension  of  this  work  provided  2,2,&,&-tetranitro3damantane.  To  obtain 
more  energetic  adamantanes  based  on  gem-dimtro  substituents,  it  is 
necessary  to  operate  on  2.4  substituents.  The  principal  objective  has 
been  to  develop  a  route  to  2.2,4.4-adamantane,  and  model  studies  toward 
this  end  were  continued  with  simple  adamantanes  and  with  structurally 
related  bioyolononanes.  Geometrical  crowding  of  nitro  groups  is  an 
apparent  obstacle. 

The  direct  nitration  of  2.4-dioxlminoadamantane  gave  an  internal 
dinitro-nitroso  dimer1  and  no  tetranitro  compound,  suggesting  that 
beoause  of  steric  requirements  the  nitroso  intermediate  dimerites  before 
it  is  able  to  further  oxidise.  Attempts  to  brominate  this  oxime  under 
normal  conditions  were  unsuccesful.  A  recent  paper  on  the  chlorination 
of  oximes^  suggested  that  halogen  reactions  of  oximes  might  be  pH 
dependent.  Therefore,  the  reaction  of  N-bromosuccinimide  with  2.4-diox- 
imlnoadamantane  was  carried  out  under  mildly  acidic  conditions  and  at 
subambient  temperatures,  and  2.4-dibrorao-2.4-dinitroa:tamantane  was  iso¬ 
lated  in  5%  yield.  The  material,  a  mixture  of  isomers,  was  character¬ 
ised  spectrally  and  by  elemental  analysis  Its  meltina  ooir.t  is  i f 0 - 
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170°C.  The  (eot  that  this  materiel  with  bulky  groups  in  in  the  2.4- 
positions  is  stable  gives  encouragement  that  the  2,2,4 ,4-tetramtroada- 
mantane  structure  is  attainable. 

The  reduction  of  2,4-dibromo-2,4-dinitroadamantane  to  2.4-dinitro 
adamantane  is  under  study.  Sodium  borohydride  gave  a  complex  mixture  of 
produots,  and  other  reagents  are  being  examined. 

Attempts  to  prepare  2,4-dinitroadamantane  from  the  dioxime  by 
direct  oxidation  with  pertrifluoroaoetic  acid  were  not  successful.  Ada¬ 
mantane  oximes  are  known  to  undergo  facile  rearrangement  to  ring 
expanded  asa-homoadaraantanes.  This  occurred  in  the  peraoid  oxidations, 
even  in  buffered  acetonitrile  solutions,  and  no  nitro  compounds  were 
obtained. 

The  halogenation  of  oximes  under  alkaline  conditions  usually  leads 
to  ketone  formation.  An  exception  is  the  reaction  of  2-oximinoadaman- 
tane  which  forms  2-chloro-2-nitroadamantanei  without  an  added  oxidizing 
agent.  The  normal  method  to  convert  oximes  to  chloronitro  compounds 
involves  the  direct  reaction  with  chlorine  gas  to  form  a  chloronitroso 
derivative  which  oan  be  oxidized  with  ozone  or  peracid  to  the  chloro¬ 
nitro  oompound.  Corey1**  found  that  oximes  react  with  aqueous  hvpochlo- 
rous  aoid  at  pH  5.5  to  give  gem-chloronitroso  compounds,  which  are 
subsequently  oxidised  to  gem-chloronitro  compounds  in  benzene  with 
alkaline  hypoohlorite  in  the  presence  of  a  phase  transfer  agent  such  as 
tetra-n-butylammonium  hydrogen  sulfate.  In  our  hands  this  reaction 
gave  yields  in  excess  of  90%  with  simple  oximes  and  even  with  norbornvl 
structures. 

In  ths  adamantane  system,  however,  the  reaction  of  oximes  with  pH 
5.5  hypoohlorous  acid  gave  an  anomalous  chlorination  leaction  The 


reaction  of  2-oximinoadamantane  gave  a  59%  yield  of  2.2-dichloroadamana- 
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tan*,  a  37%  yield  of  2-chloro-2-nitroadamantane  and  a  4%  vioid  of  adam- 
antanono.  Tha  reaction  of  2,6-dioximinobicycloC3.3  lJnonane  yielded  60% 
of  2,2,6,4-tetrachioro-bicycloC3.3  llnonane  and  no  nitro  compounds  were 
dataotad.  Tha  same  product  would  ba  expected  from  the  reaction  of 
bloyelot3.3.1Jnonane-2.6-dione  with  phosphorus  pentachloride.  but 

instead  a  material  was  obtained  that  appears,  on  the  basis  of  analytical 

2  7 

data,  to  be  2,6.4-trichIoro-2-oxatricyeloC3.3  1  Jdecane.  The  same 
material  was  obtained  from  the  reaotion  of  2.2,6,6-tetrachloro-bicvclo- 
C3.3. lJnonane  with  base.  The  reaction  of  2.4-dioximinoadamantane  with 
hypoohlorous  aoid  gave  2.2.4.4-tetraehloroadamantane  and  no  dichloro 
dlnitro  derivative.  The  anomalous  reaction  cannot  be  explained  simolv 
on  the  basis  of  the  inflexibility  of  the  adamantane  ring  structure  t - 
Butyl  groups  are  known  to  prevent  eis-trans  conversions  of  cyclohexane 
rings,  and  4-t-butyloximinocyclohexane  and  2-t-butyloximinocycIohexane 
both  underwent  normal  reactions  to  give  the  chloronitroso  derivatives. 

Differences  were  also  observed  between  adamantane  systems  and 
oyelohexanes  in  conversions  of  nitronate  salts  to  aem-dinitro  compounds 
For  example,  the  sodium  salt  of  2-nitroadamantane  was  converted  to  2.2- 
dinttroadamantane  with  tetranitromethane  in  high  yield  On  the  other 
hand,  the  sodium  salt  of  nitrocyclohexane  reacted  with  tetranitromethane 
to  give  exclusively  the  coupling  product,  l.l'-dinitrobicyclohexyl  In 
the  presence  of  sodium  nitrite,  however,  this  reaction  gave  a  24%  yield 
of  the  ooupling  product  and  a  76%  yield  of  1.1-dinit  i  ocyclohexane  The 
reaotion  thus  has  similarities  to  the  oxidative  nitration,  with  tetra- 
nitromethane  functioning  as  an  electron  transfer  reaoent  The  differen¬ 
ces  between  adamantaties  and  cyclohexanes  are  not  readily  explainable 
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(  B.  EXPERIMENTAL. 

2,2,4,4-Tetraehloro-bicycIo[3.3.nnoiiane  A  pH  meter  wee  used  tc 
neutralise  200  mL  of  coamerciel  pool  bleach  <5%  sodium  hypochlorite)  to 
pH  S.S  at  0-5  °C  with  10%  sulfuric  acid.  Then  100  ml  ot  benzene  and  5 
9  (0.027  mol)  of  solid  bicycloC3.3.13nona-2,6-dione  dicxime  were  added 
rapidly  with  stirring.  As  the  dioxime  dissolved,  the  solution  became 
deep  blue.  After  1  h,  the  benzene  layer  was  removed  ’nd  stirred  with 
100  aL  of  unneutralised  bleach  and  0  5  g  of  tetra-n-butylammonium  bisul 
fate  for  an  additional  2  h.  The  solution  became  colorless.  The  oroanic 
layer  was  washed  with  50  mL  of  water  and  dried  over  magnesium  sulfate 


Removal  of  the  solvent  and  distillation  yielded  4  2  g  <60%>  of  2. 2.6.6- 
t  etr aohlor o -bicy clo  C  3 .3.1. Inonane .  bp  112-115  (0  3  mm>.  mp  20-22°C:  1R 
<ch2C12>  3000  (C-H),  1460,  1440  (C-Cl)  cm-1,  NMR  (CDCI  >  &  2  0-2  8  ppm 
AnU.  Calcd  for  C^^Cl^:  C.  41.26;  H.  4  58;  Cl.  54  14.  Found  C. 
41.17;  H,  4.32;  Cl.  54.52. 

2,6,4-Triohloro-2-oxatrieyelo(3.3.1  *'73deoane  Phosohorus  penta- 
chlorlde  (10  g,  0.05  mol)  was  added  with  stirring  to  a  solution  of  3  0  g 
(0.02  mol)  of  bicyclo[3.3.Unona-2,6-dione  in  50  mL  of  methylene  chlor¬ 
ide.  After  15  min,  the  organic  layer  was  washed  (2  x  100  mL  of  water), 
dried  over  magnesium  sulfate  and  stripped  of  solvent  to  yield  6  1  g  of 

crude  oil.  Distillation  gave  3.1  g  (68%)  of  2.6.6-trichloro-2-oxatri- 
2  7  o 

cyoloC3.3.1  JOeoane,  bp  86-88  C  (0  3  mm):  IR  (C^C^)  3000  (C-H).  1440 
(C-Cl),  1300,  1100,  1000,  720  cm"1;  NMR  (CDClg)  £  18-28  (m.  10  H>.  5  6 


(m,  1  H)  ppm. 

Anti,  Calcd  for  C?H11CIJ0.  C.  44.75;  H.  4  59;  Cl,  44  03  Found  C. 
44.44;  H,  4.57;  Cl,  44.01. 


C.l.o.  analysis  of  the  crude  reaction  mixture  on  a  4'  3%  SE-30 


column  at  150  c  failed  to  show  the  presence  of  any  2.2.6  6-tetrachloro- 
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bioycloC3.3.11nonane 

RuoUrn  of  2.2,4,4-Tetrachloro-bioyclot3  3  11nonane  with  Bom  A 
•elation  of  0.1  g  <0.0004  mol)  of  2.2,4,4-tetrachloro-bicvcloC3  3  13- 
nenane  in  S  mL  of  tetrahydrofuran  was  stirred  for  2  weeks  with  0  1  a  of 
potassium  t-butoxide  Than  the  solvent  was  removed  and  the  residual  oil 
teas  dissolved  in  30  mL  of  methylsns  chloride,  washed  with  50  mL  of 
water,  dried  with  magnesium  sulfate  and  stripped  of  solvent  to  give  0  05 

g  of  an  oil  identified  by  nmr  and  g.l.e  as  2.6.6-trichloro-2-oxatri- 

2  7 

eyeloCS.3.1  3 decane  C.l.c.  analysis  did  not  detect  either  starting 
2.2,4.4-tetraohloro-bicyoloC3.3.l3nonane  or  bicyclotS  3  Unona-2.6- 

diene. 

No  reaotion  took  place  between  2.2.4.6-tetrachloro-bicyclot3  3  11- 
nonane  and  sodium  acetate  in  reflusing  acetic  acid  <48  h>  or  potassium 
hydroside  in  ethanol  <41  h  at  25  °C). 

Reaotion  of  2-Osimtnoadamantane  with  Hypochlorous  hold.  A  mixture 
of  SO  mL  of  oommerioal  pool  bleach  <5%  sodium  hypochlorite)  and  50  mL  of 
ioe  was  aoidified  to  pH  5.5  with  phosphoric  acid  using  a  pH  meter. 

Then,  1.0  g  (0.04  mol)  of  2-oximinoadamantane  suspended  in  20  mL  of 
bensene  was  stirred  with  the  bleaoh  solution  for  10  min  at  20-25°C.  The 
solid  booamo  blue,  dissolved  and  decoloriced.  The  organic  layer  was 
separated,  washed  with  water,  dried  over  magnesium  sulfate  and  evapor¬ 
ated  to  yield  0.75  g  of  an  oil.  Quantitative  g.l.e.  analvsis  of  this  oil 
showed  it  to  contain  4%  2-adamantanone.  59%  2.2-dichloroadamantane  and 
37%  2-chloro-2-nitroadamantane  The  2.2-dichloroadamantane  was  identi¬ 
fied  by  comparison  with  an  authentic  sample.16 

Reaction  of  2.4-Diosimlnoadanantane  with  Hypochlorous  Acid.  A 
solution  of  100  mL  pH  5.5  aqueous  bleach  was  neurtalised  with  phosphoric 
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meld  as  described  ebove  end  2  0  g  (0.01  mol)  of  2.4-dioximinoadamantane 
suspended  in  100  mL  of  benzene  wes  added  The  solid  beceme  blue,  dissol¬ 
ved  end  repidly  decolorised.  After  1  h,  the  organic  lever  wes  washed 
with  100  mL  of  water,  dried  over  magnesium  sulfate  end  stripped  of 
solvent  to  yield  1.0  g  of  an  oil.  Column  chromatography  (silica  gel, 
with  7:1  heaane-acetone)  gave  0.35  g  (13%)  of  2.2.4,4-tetrachloroadaman- 

tane,  mp  193 °C  (sealed  tube,  subl  >110°C,  1  atm):  1R  (CH  li  >  juOO  (C- 

Z  dt 

H),  1030  (C-C1>.  1240,  1000,  1040,  1000.  900.  840.  820  cm'1;  NMR  (CDC1.) 

*5 

0  1.7  (2  H),  2.3  (4  H>.  2.4  (4  H).  2. 8S  (2  H>  ppm 

JtMlx  Caled  for  C10»\2C^:  C,  43.8;  H.  4.73.  Found:  C.  43.79;  H. 

4.32. 

■section  of  Cyollo  Oximes  with  Hypoohlorous  hold.  A  solution  of 
10.0  g  (0.037  mol)  of  4-t-butyl-l-oximinocyclohexane  in  SO  mL  of  benzene 
and  0.3  g  of  tetra-n-butyl  ammonium  hydrogen  sulfate  were  stirred  with 
100  ml  of  neutralised  commercial  3%  pool  bleach  (adlusted  to  pH  5  5  with 
20  o  °*  disodium  hydrogen  phosphate  and  phosphoric  acid).  The  solution 
turned  blue  immediately  and  decolorised  after  10  min  The  organic  layer 
was  separated  and  dried  over  magnesium  sulfate.  C.l.c  analysis  (120°C. 

4'  SB-30  oolumn)  showed  only  one  material.  The  crude  material.  10  0  g 

(72%).  was  distilled  to  yield  8.4  g  (78%)  of  4-t-butyl-l-chloro-l- 

o  15 

nitrooylcohesane,  bp  94-78  C  (0.2  mm)  (  reported  yield  82%) 

As  a  reference.  1.0  g  (0.0053  mol)  of  4-t-butylcyclohexanone  was 
reaoted  with  2.0  g  of  phosphorus  pentachloride  in  30  mL  of  methylene 
chloride  for  2  hours  at  25  °C.  The  organic  layer  was  washed  with  100  mL 
of  water  and  dried  over  magnesium  sulfate.  C.l.c.  analysis  showed  two 
pe«ke  in  relative  area  ratios  of  35:45  at  shorter  retention  times  than 
that  of  4-t-butyl-l-ehloro-l-nitroeyolohexane.  NMR  analysis  sugoests 
these  materials  are  4-t-butyl-l.!-di&hlorooyciohexant  and  4-t-butvl-l- 
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r. 


qhlorocyclohexene.  Neither  of  these  materials  were  observed  in  the 

ehromatogram  of  crude  4-t-butyl-i-ehloro-l-nitrocvcIohexane 

Similarly,  1-oximinocyclohaxane,  2-t-butvl-l-oximinocvclohexare 

15 

end  oxlmino-d-camphor  gave  the  reported  chlorc  nitro  derivatives 
without  deteotable  amounts  of  gem-diehloro  derivative 

Perosytrifluoroaeetio  Acid  Oxidation  of  2-Oximinoadamantane  A 
mixture  of  25  g  of  disodium  hydrogen  phosphate.  21  a  <0.1  mot)  of 
trifluoroecetio  anhydride,  and  50  mL  of  acetonitrile  was  treated  drop- 
wise  with  1.8  g  of  50%  hydrogen  peroxide  at  10-15°C  After  30  min.  14 
g  <0.01  aol)  of  2-oximinoadamantane  in  50  mL  of  acetonitrile  was  added 
drepwise  with  rapid  stirring  at  the  reflux  temperature  .  A  transient 
blue  oolor  appeared.  After  1  h  the  solvent  was  evaporated,  and  the 
residual  oil  was  diluted  with  50  mL  of  methylene  chloride  and  was  washed 
with  200  mL  of  water.  The  organic  layer  was  dried  over  magnesium  sul¬ 
fate  and  solvent  was  removed  to  give  1.4  g  (87%)  of  3-oxahomoadamantan- 

18 

2-one,  identified  by  IR  and  NMR  comparisons  to  authentic  material. 

2.4-Dibromo-2.4-dlnitroadamantane  A  mixture  of  27  g  <0.15  mol)  of 
n-bromosuocinimide  and  15  g  of  sodium  bicarbonate  in  150  mL  of  20:80  o- 

o 

dioxane-water  was  cooled  to  10  C  and  5.0  g  (0  025  mol)  of  2.4-dioximino- 
adamantane  was  added.  The  solid  became  green  and  slowly  dissolved  The 
mixture  was  stirred  48  h  and  was  extracted  with  methylene  chloride  <4  x 
100  mL).  The  organic  layer  was  washed  with  100  mL  of  water,  dried  with 
magnesium  sulfate  and  solvent  was  evaporated  to  give  3.1  g  of  crude  oil. 
Column  ohromatography  (silica  gel,  95:5  hexane-actone)  gave  0  52  g  (5%) 
of  2,4-dibromo-2,4-dinitroadamantane,  (mixture  of  isomers),  mp  150-170: 

IR  <CH2C12>,  3000  <C-H),  1560.  1420  <NC>2>.  1220  cm-1;  NMR  (CDClg)  6  2.0- 
3.0  <11  H),  3.45  <1  H)  ppm. 
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kMl,  Calcd  for  C.  31  27;  H  3  37.  N  7.29  Found  C. 

31.23:  H,  3.33;  N,  7.25. 

Roduotlon  of  2.4-Dibromo-2.4-dinitroadamantane  with  sodium  borohvd- 
ride  in  methanol  givi  «  complex  mixture  of  nitro-  and  carbonyl-contain¬ 
ing  materials. 

Rea ot ion  of  Nitrooyclohaxane  with  Tetranitromethane.  A  solution  of 
4.0  g  (0.03  mol)  of  nitroeyolohexane  in  10  mL  of  ethanol  was  stirred 
with  1.3  g  <0.033  mol)  of  sodium  hydroxide  in  5  mL  of  water  for  30  min 
Than,  0.0  g  (0.03  mol)  of  tetranitromethane  was  added  dropwise  and  the 
solution  was  stirred  for  1  h.  The  ethanol  was  evaporated  and  the  resi¬ 
dual  oil  was  dissolved  in  50  mL  of  methylene  chloride  and  was  washed 
with  water  <3  x  100  mL).  The  organlo  layer  was  dried  over  magnesium 
sulfate  and  stripped  of  solvent  to  yield  3.75  a  (92%)  of  l.l'-dinitrobi- 
oyolohexyl,  mp  222°Cdeo,  (lit  217-221°C>.  In  another  experiment,  2  0  a 
(0.015  mol)  of  nitroeyolohexane  and  0.6  g  <0.015  mol)  of  sodium  hydro- 
side,  were  stirred  with  a  solution  of  3.5  g  (0.05  mol)  of  sodium  nitrite 
in  15  mL  of  water  for  30  min,  and  3.0  g  (0.015  mol)  of  tetranitromethane 
was  added  dropwise.  The  reaction  mixture  was  worked  up  as  above  to 
yield  0.90  g  of  a  waxy  solid.  NMR  analysis  of  the  product  showed  24% 
l.l'-dinitrobioyelohexyl  and  76%  of  2.2-dlnitrocyclohexane(6%  and  26% 


oonverslons  respectively). 


Report  No  ONR-2-6 


iv  .  net  tttnen 

1.  riuoioohen.  Inc.,  Report  No.  ONR -  2  -  5 .  R  e  g e  a  r  c  h  i n  Ent r 
ae  t i c  Compounds .  January  1983. 

2.  Heterocyclic  Compounds,  Vol.  42.  Pt  2  Azetidines. 

Lao  tains,  Diaretidines  and  Diaciridines  A.  Hassner.  Pd 

p.  S  1  7  tt  . 


3  . 

Bumgar dner 

Ch»a-  aa.fi.. 

,  CL.;  McCall  um .  K  S  Free:),  an 

.  1941 ,  83 ,  4417. 

.  J  P 

J  .  Am 

4  . 

Gaer  tner . 
Gaer  tner . 

V  R  Tetrahedron  ,1  e.,L_t  era 
V.  R. .  J_  Ota.  Chem  1967 

19  6  6  . 

-L  11  ■ 

469  1. 

2972 

3  . 

Pear  lean , 

W.  M.  Tetrahedron  Letters 

1  94  7. 

1663 

4  . 

Ciohr a ,  D. 
2474  . 

A. ;  Adoloh,  H.G.  J .  Pro 

C  hem  . 

1982 

4  7  . 

7  . 

Anderson . 

A.  G.:  Lok.  R  J.  Pro  Chem  1972.  37 

.  3953 

6  . 

Okutani .  1 

i.?71x  32. 

;  Kaneko.  T.;  Masuda.  K. 

1490 

C hem  . 

Pharm 

.  Bull 

9.  Baum,  K .  :  Berkowltz.  P  T .  ;  Grakauskas.  V .  .  Archibald. 
T.  C.  J.  Ota.  Chem.  1983,  26,  2953. 

10.  Unpublished  Fluorochem  work  on  Contract  F04611-82-C- 

0089 

1 1 .  Oku  t  anl,  T .  ;  Kaneko,  T .  ;  Masuda.  K.  Chem  Pharm  Bull 

1121a.  11.  H90 

12.  Morlmoto.  P.  A.;  Okutani,  T .  ;  Masuda.  K  Chem .  Pharm 

lull-.  1221a  2L-  228 

13.  Chen.  T.;  Sanliki,  T  .  ;  Kato.  H  .  Ota  .  It  Bull  Chem 
IfiLfi-.  Ji.Btn  121Z-U  12.  ■  240  1. 

14.  Feuer  ,  H .  ;  Sauides.  C.  2-  Am  Chem .  .go  jc^  1  9  5  9.  8  1  .  582 

13.  Corey,  E.  J  ;  Estreichec,  H.  Tetrahedron  Le  1 1  et  s  19  8  0 

1117. 

14.  McKenon,  M.  A.,  Tetrahedron  letters  JJ  7_Q  .  1975 

17.  Pagano ,  A.  H.;  Shechter.  H.  jL  Or  a  Chem  1  9  70.  35  .  2  9 

19.  Faulkner,  D.;  MoKervey.  M.A..  Chem  3oc  ( C )  19  7  1. 

3904.  Sasaki,  T;  Eguchi.  S .  Toru.  T  J_  Pro  Chem . 

19  70  ,  33  .  4109 . 


DISTRIBUTION  LIST 


-Or.  L.V.  Schmidt  1 

Assistant  Secretary  of  the  Navy 
(R,E,  and  S)  Room  5E  731 
Pentagon 

Washington,  D.C.  20350 

Or.  A.L.  Slafkosky  1 

Scientific  Advisor 
Commandant  of  the  Marine  Corps 
Code  RO-1 

Washington,  O.C.  20380 

Or.  Richard  S.  Miller  10 

Office  of  Naval  Research 
Code  *73 

Arlington,  VA  22217 

Mr.  David  Siegel  1 

Office  of  Naval  Research 
Code  260 

Arlington,  VA  22217 

Dr.  R.J.  Marcus  1 

Office  of  Naval  Research 

Western  Office 

1030  East  Green  Street 

Pasadena,  CA  91106 

Or.  Larry  Peebles  1 

Office  of  Naval  Research 
East  Central  Regional  Office 
666  Summer  Street,  Bldg.  114-0 
Boston,  MA  02210 

Dr.  Phillip  A.  Miller  1 

Office  of  Naval  Research 
San  Francisco  Area  Office 
One  Hall  Idle  Plaza,  Suite  601 
San  Francisco,  CA  94102 

Mr.  Otto  K.  Helney  1 

AFATl  -  OLOl 

Elgin  AFB,  FL  32542 

Mr.  R.  Gelsler  1 

ATTN:  MKP/MS24 

AFRPL 

Edwards  AFB,  CA  93523 


Dr.  F.  Roberto  1 

Code  AFRPL  MKPA 
Edwards  AFB,  CA  93523 

Dr.  L.M.  Caveny  1 

Air  Force  Office  of  Scientific 
Research 

Directorate  of  Aerospace  Sciences 
Bolling  Air  Force  Base 
Washington,  D.C.  20332 

Mr.  Oonald  L.  Ball  1 

Air  Force  Office  of  Scientific 
Research 

Directorate  of  Chemical  Sciences 
Bolling  Air  Force  Base 
Washington,  D.C.  20332 

Dr.  John  S.  Wilkes,  Or.  1 

FJSRL/UC 

USAF  Academy,  CO  808L0 

Dr.  R.L.  Lou  1 

Aerojet  Strategic  Propulsion  Co. 

P.0.  Box  15699C 
Sacramento ,  CA  9581 3 

Dr.  V.J.  Keenan  1 

Anal-Syn  Lab  Inc. 

P.0.  Box  547 
Paoli,  PA  19301 

Dr.  Philip  Howe  1 

Army  Ballistic  Research  Labs 
ARRADCOM 
Code  DRDAR-BLT 

Aberdeen  Proving  Ground,  MD  21005 

Mr.  L.A.  Watermeier  1 

Army  Ballistic  Research  Labs 
ARRADCOM 
Code  DROAR-BLI 

Aberdeen  Proving  Ground,  MD  21005 

Dr.  W.W.  Wharton  1 

Attn:  DRSMI-RKL 

Commander 

U.S.  Army  Missile  Command 
Redstor  e  Arsenal ,  AL  35398 


1 


DISTRIBUTION  LIST 


No.  Copies 

Dr.  R.G.  Rhoades  1 

Commander 

Army  Missile  Command 
DRSMI-R 

Redstone  Arsenal,  AL  35393 

Or.  W.D.  Stephens  1 

Atlantic  Research  Corp. 

Pine  Ridge  Plant 
7511  Wellington  Rd. 

Gainesville,  VA  22065 

Or.  A.W.  Barrows  1 

Ballistic  Research  Laboratory 
USA  ARRAOCOM 
OROAR-BLP 

Aberdeen  Proving  Ground,  MD  21005 

Or.  C.M.  Frey  1 

Chemical  Systems  Oi vision 
P.O.  Box  358 
Sunnyvale,  CA  94086 

Professor  F.  Rodriguez  1 

Cornell  University 

School,  of  Chemical  Engineering 

01  in  Hall,  Ithaca,  N.Y.  14853 

Defense  Technical  Information  12 

Center 

OTIC-DDA-2 

Cameron  Station 

Alexandria,  VA  22314 

Dr.  Rocco  C.  Musso  1 

Hercules  Aerospace  Division 
Hercules  Incorporated 
Alleghany  Ballistic  Lab 
P.O.  8ox  210 
Washington,  O.C.  21502 

Or.  Ronald  L.  Simmons 
Hercules  Inc.  Eglin 
AFATL/DLDL 
Eglin  AFB,  FL  32542 


No.  Copies 

Dr.  E.H.  Debutts  1 

Hercules  Inc. 

Baccus  'Works 
P.O.  Box  98 
Magna,  UT  84044 

Dr.  James  H.  Thacher  1 

Hercules  Inc.  Magna 

Baccus  Works 

P.O.  Box  98 

Magna,  UT  84044 

Mr.  Theordore  M.  Gilliland  1 

Johns  Hopkins  University  APL 
Chemical  Propulsion  Info.  Agency 
Johns  Hopkins  Road 
Laurel,  HD  20810 

Dr.  R.  McGuire  1 

Lawrence  Livermore  Laboratory 
University  of  California 
Code  L-324 

Livermore,  CA  94550 

Dr.  Jack  Llnsk  1 

Lockheed  Missiles  &  Space  Co. 

P.O.  Box  504 


Dr.  B.G.  Craig  1 

Los  Alamos  National  Lab 
P.O.  Box  1663 
NSP/OOD,  MS-245 
Los  Alamos ,  MM  87545 

Dr.  R.l .  Rabie 
WX-2,  MS- 352 
Los  Alamos  National  Lab. 

P.O.  Box  1663 
Los  A1  anios  NM  37545 

BSt  Hla§8§e§5te!$i?ic  Lab. 

P.O.  Box  1663 
Los  Alamos,  NM  87545 


1 


1 


distribution  list 


Mr.  R.  Brown 

Naval  Air  Systems  Command 
Code  330 

Washington,  D.C.  20361 

Or.  H.  Rosenwasser 

Naval  Air  Systems  Command 

AIR-310C 

Washington,  D.C.  20360 

Mr.  B.  Sobers 

Naval  Air  Systems  Command 

Code  03P25 

Washington,  D.C.  20360 

Dr.  L.R.  Rothsteln 
Assistant  Director 
Naval  Explosives  Dev. 
Engineering  Dept. 

Naval  Weapons  Station 
Yorktown,  VA  23691 

Dr.  Lionel  Dickinson 
Naval  Explosive  Ordnance 
Disposal  Tech.  Center 
Code  D 

Indian  Head,  MD  20640 

Mr.  C.L.  Adams 
Naval  Ordnance  Station 
Code  PM4 

Indian  Head,  MD  20640 

Mr.  S.  Mitchell 
Naval  Ordnance  Station 
Code  5253 

Indian  Head,  MO  20640 

Dr.  William  Tolies 
Dean  of  Research 
Naval  Postgraduate  School 
Monterey,  CA  93940 

Naval  Research  Lab. 

Code  6100 

Washington,  O.C.  20375 


No.  Copies 
1 


1 


1 


1 


1 


1 


1 


1 


1 


No.  Copies 


Dr.  J.  Schnur  1 

Naval  Research  Lab. 

Code  6510 

Washington,  D.C.  20375 

Mr.  R,  Beauregard  1 

Naval  Sea  Systems  Command 
SEA  S4E 

Washington,  D.C.  20362 

Mr.  G.  Edwards  1 

Naval  Sea  Systems  Coiunand 
Code  62R3 

Washington,  D.C.  20362 

Mr.  John  Boyle  1 

Materials  Branch 
Naval  Ship  Engineering  Center 
Philadelphia,  PA  19112 

Dr.  H.G.  Adolph  1 


Naval  Surface  Weapons  Center 
Code  Rll 
White  Oak 

Silver  Spring,  MD  20910 

Dr.  T.O.  Austin  1 

Naval  Surface  Weapons  Center 
Code  R16 

Indian  Head,  MD  2C640 

Dr.  T.  Hall  1 

Code  R-l 1 

Naval  Surface  Weapons  Center 
White  Oak  Laboratory 
Silver  Spring,  MD  20910 

Mr.  G.L.  Mackenzie  1 

Naval  Surface  Weapons  Center 
Code  R101  " 

Indian  Head,  MD  20640 

Dr.  K.F.  Mueller  1 

Naval  Surface  Weapons  Center 
Code  Rll 
White  Oak 

Silver  Spring,  MD  20910 


DISTRIBUTION  LIST 


'  No.  Copies 

Hr.  J.  Murrln  1 

Nival  Sea  Systems  Command 
Code  62R2 

Washington,  D.C.  20362 

Or.  O.J.  Pastlne  1 

Naval  Surface  Weapons  Cneter 
Code  R04 
White  Oak 

Silver  Spring,  MD  20910 

Mr.  L.  Roslund  1 

Naval  Surface  Weapons  Center 
Code  R1 22 

White  Oak,  Silver  Spring 
MO  20910 

Mr.  M.  Stosz  1 

Naval  Surface  Weapons  Center 
Code  R121 
White  Oak 

Silver  Spring,  MD  20910 

Dr.  E.  Zlmmet  1 

Naval  Surface  Weapons  Center 
Code  R13 
White  Oak 

Silver  Spring,  MD  20910 

Dr.  D.  R.  Derr  1 

Naval  Weapons  Center 
Code  388 

China  Lake,  CA  93555 

Mr.  Lee  N.  Gilbert  1 

Naval  Weapons  Center 
Code  3205 

China  Lake,  CA  93555 

Dr.  E.  Martin  1 

Naval  Weapons  Center 
Code  3858 

China  Lake,  CA  93555 

Mr.  R.  McCarten  1 

Naval  Weapons  Center 
Code  3272 

China  Lake,  CA  93555 


No.  Copies 

Dr.  A.  Nielsen  1 

Naval  Weapons  Center 
Code  385 

China  Lake,  CA  93555 

Dr.  R.  Reed,  Jr.  1 

Naval  Weapons  Center 
Code  388 

China  Lake,  CA  93555 

Dr.  L.  Smith  1 

Naval  Weapons  Center 
Code  3205 

China  Lake,  CA  93555 

Dr.  B.  Douda  1 

Naval  Weapons  Support  Center 
Code  5042 

Crme,  Indiana  47522 

Dr.  A.  Faulstich  1 

Chief  of  Naval  Technology 
MAT  Code  0716 
Washington,  D.C.  20360 

I.C0R  J.  Walker  1 

Chief  of  Naval  Material 
Office  of  Naval  Technology 
MAT,  Code  0712 
Washington,  D.C.  20360 

Mr.  Joe  McCartney  1 

Naval  Ocean  Systems  Center 
San  Oiego,  CA  92152 

Dr.  S.  Yamamoto  1 

Marine  Sciences  Division 
Naval  Ocean  Systems  Center 
San  Diego,  CA  91232 

Dr.  G.  Bosmajian  1 

Applied  Chemistry  Division 
Naval  Ship  Research  &  Development 
Center 

Annapolis,  MD  21401 

Dr.  H.  Shuey  1 

Rohn  and  Haas  Company 
Huntsville,  Alabama  35801 


4 


DISTRIBUTION  LIST 


No,  Copies 


Mo.  Copies 


Dr.  J.F.  Kincaid  I 

Strategic  Systems  Project 

Office 

Department  of  the  Navy 
Room  901 

Washington,  D.C.  20376 


Strategic  Systems  Project  Office  1 
Propulsion  Unit 
Code  SP2731 

Department  of  the  Navy 
Washington,  D.C.  20376 


Hr.  E.L.  Throckmorton  1 

Strategic  Systems  Project  Office 
Department  of  the  Navy 
Room  10-43 

Washington,  D.C.  20376 


Dr.  D.A.  Flanigan 
Thiokol 

Huntsville  Division 
Huntsville,  Alabama  35307 

Hr.  G.r.  Mangum 
Thiokol  Corpora ticn 
Huntsville  Division 
Huntsville,  Alabama  35807 


1 


1 


Mr.  E.S.  Sutton  1 

Thiokol  Corporation 

Elkton  Division 

P.0.  Box  241 

Elkton,  HD  21921 


Dr.  G.  Thompson  1 

Thiokol 

Wasatch  Division 
MS  240  P.0.  Box  524 
Brigham  City,  UT  34302 


Dr.  T.F.  Davidson  1 

Technical  Director 
Thiokol  Carpcre tier. 

Government  Systems  Group 
P.0.  Box  9253 
Odgen,  Utah  84*409 


5 


Dr.  C.W.  Vriesen 
Thiokol  Clkton  Division 
P.0.  Box  241 
Elkton,  HD  21921 

Dr.  J.C.  Ilinshaw  1 

Thiukol  Was  a tefi  Divi-.ion 
P.0.  Box  524 

Brigham  City,  Utah  :'.J402 

U.S.  Army  Research  Office  1 

Chfinic.il  !>  Biologic.il  Sciences 

l)iv  i  si  on 

P. 0.  Box  12211 

Research  Triangle  Park 

NC  .'7709 

Dr.  f:.r.  Waller  1 

USA  AQf!Ar -COM 

Df’DARLCC 

Dove*  ,  MJ  07R01 

Dr.  T.  Sinden  1 

Munitions  Directoraln 
Propel  Units  and  Fx:» I  •.»> i  ves 
Defence  Equipment  Si  a f f 
British  Dr.Bassy 
3100  Massachusetts  Avo. 
Washington,  D.C.  IVuns 

Capt.  S.  Shackelford  1 

AFRPL/LKLR 

Edwards  AFB,  CA  93523 

Dr.  Merrill  K.  King  1 

Atlantic  Research  Corp. 

5390  Cherokee  Avenue 
Alexandria,  VA  22314 

T* 

Dr.  W.  Wharton  .  1 

Army  Missile  Conaiiand 
DRSMI-RK 

Redstone  Arsenal,  AL  35898 

Dr.  David  C.  Sayles  1 

Ballistic  Missile  Defense 
Advanced  Technology  Center 
P.0.  Box  1500 
Huntsville,  AL  35807 


Best  Available  Copy 


DISTRIBUTION  LIST 


No.  Copies 


No.  Copies 


Dr.  Kurt  Baum 
Fluorochem,  Inc. 

680  South  Ayon  Ave. 

Azusa,  CA  91702 

Professor  J,  H.  Boyer 
Univ.  of  Illinois 
Dept,  of  Chemistry 
Box  4348 

Chicago,  Illinois  60680 

Dr.  Joyce  J.  Kaufman 
The  Johns  Hopkins  University 
Department  of  Chemistry 
Baltimore,  MD  21218 

Dr.  C.  Coon 

Lawrence  Livermore  Lab. 

University  of  California 
P.0.  Box  808 
Livermore,  CA  94550 

Professor  J,  C.  Chien 
University  of  Massachusetts 
Department  of  Chemistry 
Amherst,  MA  03003 

Professor  P,  Li  Ilya 
University  of  Massachusetts 
Department  of  Chemistry 
Amherst,  MA  03003 

Prof.  Richard  A.  Reinhardt 
Naval  Postgraduate  School 
Physics  &  Chemistry  Department 
Monterey,  CA  93940 

Dr.  J.  Karle 

Naval  Research  Laboratory 
Code  6030 

Washington,  O.C.  20375 

Dr.  M.  J.  Kamlet 

Naval  Surface  Weapons  Center 

Code  Rll 

White  Oak,  Silver  Spring,  MD  20910 


Dr.  R.  Atkins 
Naval  Weapons  Center 
Code  3852 

China  Lake,  CA  93555 

Dr.  May  L.  Chan 
Naval  Weapons  Center' 

Code  3244 

China  Lake,  CA  93555 

Dr.  T,  B.  Joyner 
Naval  Weapons  Center 
Code  3264 

China  Lake,  CA  93555 

Dr.  R .  A.  Rhein 
Naval  Weapons  Center 
Code  3244 

China  Lake,  CA  93555 

Dr.  13.  David  Hal  pern 
Polysciences,  Inc. 

Paul  Valley  industrial  Park 
Warrington,  PA  18976 

Dr.  Karl  0.  Chris te 
Rockwell  International 
6633  f.anoga  Avenue 
Canoqa  Park,  CA  91304 

Dr.  M.  B.  Frankel 
Rockwell  International 
Rocketdyne  Division 
6633  Canoga  Avenue 
Canoga  Park,  CA  91304 

Dr.  D.  L.  Rpss 
SRI  International 
333  Ravenswood  Avenue 
Menlo  Park,  CA  94025 

Mr.  Ed  van  Ribbink 
Space  rrdnanc.e  Systems 
25977  San  Canyon  Road 
Canyon  Country,  CA  91351 


h 


l  *  m  "  to  *  *  " 


DISTRIBUTION  LIST 


No.  Copies 


No.  Copies 


Mr.  M.  Baron  I 

SP  27314 

Strategic  Systems  Project  Office 
Department  of  the  Navy 
Washington,  D.C.  20376 

Or.  J.  Hinshaw 
Thiokol /Wasatch  Div. 

P.0.  Box  524 

Brigham  City,  Utah  84302 


1 


DISCLAIMER  NOTICE 


THIS  DOCUMENT  IS  BEST  QUALITY 
PRACTICABLE.  THE  COPY  FURNISHED 
TO  DTIC  CONTAINED  A  SIGNIFICANT 
NUMBER  OF  PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


